INTRODUCTION A number o f experiments a t high temperatures and under high p r e s s u r e s have demonstrated t h a t t h e m e t a l i c l i q u i d Hg can be transformed t o a semicon-
ducting o r i n s u l a t i n g s t a t e i n t h e low d e n s i t y region1).
I t i s i n t e r e s t i n g t o study t h e r e l a t i o ns h i p between t h i s e l e c t r i c (M-NM) t r a n s i t i o n and t h e thermodynamic l i q u i d -g a s t r a n s i t i o n .

In t h e p r e s e n t r e p o r t , we p r e s e n t t h e r e s u l t s of t h e sound v e l o c i t y measurements i n Hg up t o
1600°C and 2000 bar. The measurements have been made by means of an u l t r a s o n i c transmission/echo technique which has been developed f o r such high temperature/pressure condition2.y3! Combining t h e sound v e l o c i t y r e s u l t s with a v a i l a b l e PpT d a t a 4 % ) , o t h e r thermodynamic q u a n t i t i e s have been c a l c u l a t e d .
EXPERIMENTAL
A high p r e s s u r e v e s s e l and an u l t r a s o n i c c e l l a r e shown i n Fig. 1 . The mercury sample i s con-
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, ui t a i n e d i n t h e c e l l made o f a niobium tube c l o s e d a t both ends by s y n t h e t i c s a p p h i r e rods.
The sample between t h e sapphire rods is connected with a mercury r e s e r v o i r through a small channel i n t h e i n n e r w a l l o f t h e niobium t u b e . The s i z e o f t h e sample is 1-2.5 mm i n a x i a l l e n g t h and 10 mm i n diameter. The temperature o f t h e sample was cont r o l l e d by a molybdenum-heater furnace around t h e c e l l , and measured by a Pt-30%Rh:Pt-6%Rh thermocouple. The c e l l was s e t i n t h e high p r e s s u r e v e s s e l made of beryllium-copper, and p r e s s u r i z e d with argon gas. The p r e s s u r e was measured by a Heise p r e s s u r e gauge. E i t h e r temperature and press u r e can be c o n t r o l l e d independently by feed-back systems o f d e t e c t i n g t h e s i g n a l s from t h e thermocouple and t h e p r e s s u r e gauge, r e s p e c t i v e l y .
The sound v e l o c i t y was measured by an u l t r as o n i c p u l s e tra.nsmission/echo technique2). A s e t of q u a r t z t r a n s d u c e r s o f 20 MHz was bonded t o t h e c o l d ends o f t h e sapphire buffer-rods. The time r e q u i r e d f o r an u l t r a s o n i c s i g n a l t o t r a v e r s e from one t r a n s d u c e r t o t h e o t h e r was measured a t f i r s t .
Then t h e time r e q u i r e d f o r an echo t o r e t u r n from t h e rod/sample i n t e r f a c e was measured f o r each buffer-rod. The d i f f e r e n c e between t h e transmis- e a s i l y c a l c u l a t e d from t h e sample t h i c k n e s s and t h e t r a v e r s e time. It should be noted h e r e t h a t only Fig.1 . High p r e s s u r e v e s s e l and u l t r a s o n i c c e l l Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980818 t h e d i f f e r e n c e between t h e t r a n s i t time and t h e echo times is concerned with t h e determination of sound v e l o c i t y . Therefore t h e e f f e c t of t h e change of t h e sound v e l o c i t y i n t h e buffer-rods i s essent i a l l y eliminated. ESULTS I n Fig. 2 , t h e isotherms of t h e sound v e l o c i t y a r e given a s a function of pressure. The experiment a l e r r o r s i n t h e sound v e l o c i t y and t h e temperat u r e a r e within +2% and f15OC, r e s p e c t i v e l y . seen t h a t where t h e temperature and pressure domains overlap our r e s u l t s a r e i n good agreement with t h o s e of S p e t z l e r ' s group. A comparison of t h e present r e s u l t s with our e a r l i e r data3) gives s a t i sf y i n g agreement. The p r e s e n t d a t a , however, shows a s l i g h t l y g e n t l e r s l o p e than t h e e a r l i e r r e s u l t s indicated. When t h e pressure i s decreased a t a constant temperature below t h e c r i t i c a l temperature (-1480°C), t h e sound v e l o c i t y changes discontinuousl y from a l a r g e value i n t h e l i q u i d phase t o a smaller one i n t h e gaseous phase across t h e l i q u i dgas coexistence l i n e . No such discontinuous jump
appears above T I n t h e v i c i n i t y of t h e c r i t i c a l c' p o i n t , t h e u l t r a s o n i c s i g n a l was highly a t t e n u a t e d owing t o t h e l a r g e d e n s i t y f l u c t u a t i o n s . DERIVED RESULTS AND DISCUSSION
The sound v e l o c i t y is r e l a t e d t o o t h e r thermodynamic q u a n t i t i e s by t h e following equations: 
Bs i s t h e a d i a b a t i c compressibility, BT is t h e isothermal compressibility, cu, i s t h e i s o b a r i c P expansion c o e f f i c i e n t , C i s t h e s p e c i f i c h e a t a t P constant pressure, C i s t h e s p e c i f i c heat a t v constant volume, and y is t h e s p e c i f i c heat r a t i o .
Since t h e sound v e l o c i t y can be obtained wi'th a high degree of accuracy it may be very helpqul t o d e r i v e from it o t h e r thermodynamic q u a n t i t i e s which a r e not o r p a r t l y a v a i l a b l e .
The a d i a b a t i c compressibility c a l c u l a t e d from
t h e eq. 1 is p l o t t e d i n Fig. 3 . The d e n s i t y values nave been c a l c u l a t e d from isochore equations given by ~c h s n h e r r e t a l e 5 ). The u n c e r t a i n t i e s on t h e The anomalies found in the density dependences of the sound velocity and the adiabatic compressibility may be associated with the M-NM transition.
Such anomalies cannot be seen in the nonmetalic liquid argon. increase is found in Fig 5(b) for the specific heat a t c o n s t a n t p r e s s u r e . No evidence of t h e i n c r e a s e Fig. 5 ( a ) . S p e c i f i c h e a t r a t i o a s a f u n c t i o n of temperature.
-+ due t o Neale e t a l .
4)
-0 -due t o Yao and Endo 6) Fig. 5 ( b ) . S p e c i f i c h e a t a t constant p r e s s u r e and s p e c i f i c h e a t a t cons t a n t volume a s a f u n c t i o n o f temp e r a t u r e .
o f t h e s p e c i f i c h e a t a t c o n s t a n t volume can be found i n Fig. 5 ( b ) . This does not mean t h a t t h e s p e c i f i c h e a t a t c o n s t a n t volume does n o t d i v e r g e a t t h e c r i t i c a l p o i n t but t h e change of t h e s p e c i f i c h e a t a t c o n s t a n t volume i n t h e P and T range under i n v e s t i g a t i o n seems n o t t o be appreciably l a r g e r than t h e u n c e r t a i n t y i n t h e p r e s e n t e v a l u a t i o n .
